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Influence of Spherical Radiation Pattern
Measurement Uncertainty on Handset Performance
Measures
Jesper Ødum Nielsen, Gert Frølund Pedersen
Abstract—An important characteristic of a mobile handset is
its ability to receive and transmit power. One way to charac-
terize the performance of a handset in this respect is to use
measurements of the spherical radiation pattern from which
the total radiated power (TRP), total isotropic sensitivity (TIS),
and mean effective gain (MEG) can be computed. Often this
kind of measurements are made with a phantom head next
to the handsets in order to simulate the influence of a real
user. The measured radiation patterns are only expected to be
repeatable if the same setup is used, i.e., the same phantom
and the same mounting of the handset on the phantom. In this
work the influence of mounting errors on the TRP, TIS, and
MEG is investigated. Knowledge about the error due to incorrect
mounting is necessary in determining requirements for both the
mounting accuracy as well as for other parts of the measurement
system that may introduce errors in standardized performance
measurements. Radiation patterns of six handsets have been
measured while they were mounted at various offsets from the
reference position defined by the Cellular Telecommunications
& Internet Association (CTIA) certification. The change in the
performance measures are investigated for both the GSM-900 and
the GSM-1800 band. Despite the deliberately large deviations
from the reference position, the changes in TRP and TIS are
generally within ±0.5 dB with a maximum of about 1.4 dB.
For the MEG values the results dependon the orientation of the
handset with respect to the environment. Standard deviations up
to about 0.5 dB and a maximum deviation of about 1.6 dB were
found.
Index Terms—Mobile handset performance, MEG, TRP, TIS,
spherical radiation pattern, uncertainty, small antenna evaluation
I. INTRODUCTION
The performance of a mobile handset in terms of the power
transmitted and received is important since this influences the
amount of interference in the network, the network coverage,
and the lifetime of the battery. It is well known that the amount
of transmitted and received power varies greatly among dif-
ferent handset models, as the result of different designs where
matching losses, losses in the antenna, load-pull of the power
amplifier, etc., may vary, see Chapter 3 of [1]. Furthermore,
the user of the handset may also have a large influence on the
performance and hence the shape and the size of the handset
are also important [2], [3].
The variation in the performance among handsets is possible
because there are so far no requirements in, e.g., the GSM
standard with respect to the actually transmitted and received
power. Only power levels measured at the antenna terminals
are specified. In an attempt to improve on this situation some
work has been done in a working group of COST 259 and its
successor COST 273 (European Co-operation in the Field of
Scientific and Technical Research) [4]. This work has focused
on performance evaluation based on measurements of the
spherical radiation pattern (sometimes referred to as the 3-
D radiation pattern) of the handsets. Similarly, the Cellular
Telecommunications & Internet Association (CTIA) has been
working on a certification of mobile handsets in terms of the
total radiated power (TRP) relevant for the up-link (UL) and
total isotropic sensitivity (TIS) for the down-link (DL), see [5].
These measures may be seen as a special case of the so-called
mean effective gain (MEG) measure [6], [7]. Unlike TRP and
TIS, the MEG takes into account both the directional and
polarization properties of the handset antenna and the mobile
environment.
For practical reasons, measurements of the spherical radia-
tion patterns usually do not include live test persons, as in [8].
Instead the influence of the handset user on the performance
is simulated by a phantom of the user’s head which is placed
next to the handset during the measurements. In order to ensure
correct and repeatable measurements it is important that the
position and orientation of the handset on the phantom is
exactly as intended, e.g., as described in [5].
The objective of the current work is to quantify the influence
of handset positioning errors on the TRP, TIS, and the MEG.
With this aim a series of spherical radiation pattern measure-
ments were carried out on six handsets representing today’s
most common types on the market (year 2002). All handsets
were measured in both the reference position on the phantom
as well as in several slightly changed, i.e., incorrect positions.
In this way the influence of handset positioning errors on the
phantom can be assessed quantitatively, which is needed for
creating an overview of the most important error sources in the
handset performance evaluation procedures. Such an overview
is useful for setting requirements to the positioning accuracy
as well as to other parts of the measurement system.
II. MEAN EFFECTIVE GAIN
The MEG is the ratio of the actually received mean power
to the mean power received by two hypothetical isotropic
antennas matched to the θ - and φ -polarizations, respectively.
As detailed in [7], [9], the MEG may be obtained using a
c© 2005 Springer.
Published in Wireless Personal Communications, Vol. 32, No. 1, January 2005, pp. 9-22.. DOI: 10.1007/s11277-005-8315-z
J. Ø. Nielsen & G. F. Pedersen: Influence of Spherical Radiation Pattern Measurement Uncertainty on . . . Page 2 of 9
surface integration,
Γ( f ) =
∮
S
Gθ (Ω, f )Qθ (Ω, f )+Gφ (Ω, f )Qφ (Ω, f )dΩ
∮
S
Qθ (Ω, f )+Qφ (Ω, f )dΩ
(1)
Using ψ to denote either θ or φ , Gψ(Ω, f ) is the antenna
power gain in the ψ-polarization for the frequency f , defined
as the measured power in the direction Ω normalized to the
total input power. The interpretation of Qψ(Ω, f ) depends
on the link direction. For the DL, Qψ(Ω, f ) is the average
power incident on the handset from the direction Ω in the ψ-
polarization and for the frequency f . For the UL, Qψ(Ω, f )
is the average power received by the base station stemming
from the mobile transmitting in the direction Ω and in the ψ-
polarization. The distribution of power versus direction is not
expected to change significantly for the different frequencies
used in this work and therefore the frequency variable f in
Qψ (Ω, f ) is omitted henceforth.
Since MEG is a ratio of power values only the cross
polarization ratio (XPR) and the distribution of power versus
direction are important. In this work three models of the power
densities Qθ (Ω) and Qφ (Ω) have been used,
HUT: A model based on numerous outdoor to indoor
measurements in the city of Helsinki, Finland [10].
In this model the variation versus azimuth angle is
assumed uniform and non-uniform versus elevation
angle. It has an XPR of 10.7 dB.
AAU: A model based on numerous outdoor to indoor
measurements in the city of Aalborg, Denmark [11].
This model includes variation in both azimuth and
elevation angle, and has an XPR of 5.5 dB.
ISO: The isotropic model is hypothetical and implies equal
weighting of power versus direction in both polariza-
tions and with an XPR of 0 dB. This model is not
based on measurements but the assumptions lead to
MEG values independent of the handset orientation
which are equivalent to the TRP and TIS, for the UL
and DL, respectively. Hence, this model is implicitly
assumed when TRP and TIS values are used.
For mobiles operating in an indoor environment and com-
municating with a base station located outdoors, the power can
in many cases be expected to be transmitted mainly through
building openings such as windows and doors, and hence the
power distribution will be non-uniform. Also the radiation
patterns of mobile handsets in use can be expected to be non-
uniform due to the blocking by the user in normal handheld
operation. Therefore, the received power can be expected to
vary depending on the orientation of the handset/user in the
environment. Although the user orientation in the environment
in general is arbitrary the variation in power over different
orientations may be significant. In order to evaluate the power
variation models with non-uniform power distribution are
needed.
The TRP and TIS have been suggested as initial handset
antenna performance measures for the UL and DL, respec-
Label H×W×D
Antenna
type
Ant. dist.
to front
Handset
type
A 130×47×23 External 19 Candybar
B 129×47×18 Internal 18 Candybar
E 97×50×15 Whip 11 Candybar
F 97×50×15 Helix 11 Candybar
G 88×50×19 External 13 Clamshell
H 96×43×19 Internal 19 Candybar
TABLE I
OVERVIEW OF THE MEASURED HANDSETS. DISTANCES ARE GIVEN IN
MM. THE CLAMSHELL HANDSET G IS MEASURED IN CLOSED CONDITION.
WHEN OPENED THE ANTENNA IS LOCATED NEAR THE JOINT OF THE TWO
HALVES.
tively [1], [5]. However, the TRP/TIS does not include the
directional and polarization aspects, and hence may be mis-
leading compared to the actual performance of the handset
in a real network. By including the hypothetical isotropic
environment model the TRP/TIS can be compared directly
to the MEG obtained with the realistic models. However,
it should be noted that the MEG values obtained with the
isotropic environment differ from the TRP/TIS since they are
based on the antenna gain patterns. It is easily derived that
the TRP is PTRP = 2PTxΓIso where PTx is the nominal (or
conducted) transmit power level of the handset and ΓIso is the
MEG value obtained with the isotropic model. Likewise, the
TIS is PTIS = Pc/(2ΓIso) where the conducted power (at the
receiver input) resulting in receiver operating with a bit error
rate of 2.44% is defined to be Pc = −102 dBm, which is the
maximum allowed according to the GSM standard [12]. Since
only relative values are considered in this work the scaling
can be ignored.
III. MEASUREMENTS AND DATA PROCESSING
Spherical radiation patterns of six commercially available
GSM handsets have been measured. The handsets represent
some of today’s most frequently used handset types. An
overview is shown in Table I. The antenna on handset F
is a substitute of the antenna originally delivered with the
handset. The substitute antenna can be either a helix, when
the antenna is withdrawn, or a whip, when extracted. In
the measurements handset F denotes the helix antenna, and
handset E is the whip antenna. It may be noted that it has been
verified by measurements that the TRP and the TIS obtained
with the original helix antenna are within a few tenths of a
dB of the corresponding values obtained with the withdrawn
replacement antenna.
The measurements were performed in a large anechoic room
using a GSM tester (Rohde & Schwarz CMU 200) and a
positioning device with two axes, see Figure 1. Both the CMU
tester and the positioning device are controlled by locally
developed software running on a SUN workstation, allowing
automatic measurement of the complete spherical radiation
pattern in both the θ - and the φ -polarization. The CMU tester,
acting as a base station, measures the UL power while the DL
measurements are obtained from the power levels measured
c© 2005 Springer.
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Fig. 1. Overview of measurement system. The measurements are made using
different combinations of rotation about the vertical axis of the phantom and
the pedestal. The reference coordinate system is depicted in Figure 2.
by the handset, as required by the GSM standard. In this way
the measurements can be made without any modifications of
the handsets, such as attaching cables etc., which will change
the radiation pattern [13], [14].
The power measurements carried out by the handsets are
intended for power control and handover decisions and hence
are not precision measurements. According to the GSM stan-
dard the reported power levels are allowed to deviate up to
6 dB from the actual power level [15]. Therefore, a calibration
procedure must be applied before the data can be used for the
DL. This is possible using the reported power levels for a
sweep of known input power levels in addition to a single
measurement of the power levels necessary for the receiver
to operate at the sensitivity level defined at the 2.44% bit
error rate. In practice deviations are small for the handsets
used in this campaign. The deviations from linearity versus
input power of the measurements made by the handsets were
determined via measurements to be less than about 0.6 dB
within a dynamic range of 35 dB from the maximum received
power. Hence, the relative errors are of the same order as the
quantization error due to the 1 dB steps. In addition there
may be a constant offset in the absolute values reported by
the handsets. This offset could be determined but since only
relative values are used in this work, these offsets have no
influence on the results.
The setup for radiation pattern measurements was tested and
calibrated in the following way.
• The absolute gain of the probe antenna was found from
a three-antenna measurement.
• The combined gain of all cables, switch, splitter, and
amplifiers was determined using network analyzer mea-
surements of scattering parameters versus frequency in
both polarizations and directions.
• The power values measured by the CMU were calibrated
by comparing to values obtained by a precision peak
power meter (Rohde & Schwarz sensor, TDMA model
NRV-Z31).
The calibration outlined above was carried out several times
during the period of handset measurements (roughly one and
half month). The probe antenna gain was determined within
a variation of ±0.25 dB, while the gain of the cables etc.
was within ±0.1 dB, due to a very stable power supply for
the amplifier. The calibration for the CMU changed less than
±0.2 dB in the range needed (error specified to be smaller than
0.5 dB). Due to the fact that the differences found were small
and since only relative values are used only one calibration
was used for all the measurements.
All the handsets are dual-band and are measured on the
center channel in both bands. For the GSM-1800 band chan-
nel 698 was used, corresponding to about 1842 MHz and
1747 MHz for the DL and UL, respectively. Channel 62 was
used in the GSM-900 band, corresponding to about 947 MHz
for the DL and about 902 MHz for the UL.
The spherical radiation patterns were sampled using incre-
ments of 10◦ in the elevation angle θ and 20◦ in the azimuth
angle φ . The reason for the more dense sampling in the
elevation angle is that the dimensions of the combined handset
and phantom are larger along the elevation angle than the
azimuth angle. Investigations have shown that the choices of
sampling densities in the azimuth and elevation angles lead to
negligible errors in the MEG values, with a standard deviation
of 0.1 dB and a maximum observed error of 0.4 dB, as shown
in a paper to be published [16]. Some limited information is
also available in [17].
It should be mentioned that all the results presented in the
current paper are based on processing of spherical radiation
patterns sampled in a 15◦ by 15◦ grid, obtained via interpo-
lation of the measured data. This was done in order to meet
the requirements of the CTIA certification document [5]. The
interpolation is needed in any case to obtain rotated radiation
patterns (see below), since samples are needed from directions
not in the original sampling grid. The spline interpolation
method was used.
The handsets were measured next to a SAM phantom
head [18], which was filled with a tissue simulating liquid
as required by the CTIA certification.
In assessing the changes in the MEG and TRP/TIS values
the repeatability of the measurement procedure itself must be
known. In a similar campaign carried out in the same anechoic
room this was investigated using repeated measurements of the
radiation patterns. The measurements included dismounting
and mounting of the handset and the MEG results were found
typically to be repeatable within 0.1–0.3 dB [16].
During measurements the handset is mounted on the left
side of the phantom, as shown in Figure 2 where also the
reference coordinate system is depicted. The coordinate system
is defined such that the x- and y-axis span the base of the
phantom with the x-axis pointing away from the face of the
phantom while the y-axis is pointing away from the phantom’s
left ear. The z-axis is parallel to a line directed from the
base and upward through the top of the phantom and in the
center. The origin of the coordinate system is at the left ear
reference point which is also the center of rotation during the
measurements.
Five different measurement series were made each differing
c© 2005 Springer.
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Y
X
Z
Fig. 2. A handset mounted on the phantom.
Fig. 3. Handset positions on the phantom. Only one direction is shown for
each type of translation. The ‘A’-point is defined as the crossing of the vertical
center line and the horizontal line of the handset.
in the way the handset is mounted on the head, as given
below and sketched in Figure 3. In all cases the handsets are
mounted on the phantom using Teflon tape. The terminology
used for specifying the handset position is adopted from the
CTIA certification document.
• Reference. In this reference measurement series the hand-
set is mounted according to the CTIA document [5].
• Top Translation. In this series the handsets are mounted
in the reference position except that the ‘A’ point of the
handset is rotated about the bottom (the point touching
the phantom) so that the ‘A’ point is ±15 mm off the
correct position, where the distance is the position of the
‘A’ point projected on the horizontal reference line of the
handset, and where the negative offset is toward the face
of the phantom.
• Bottom Translation. Similar to the top translation series,
this series rotates the bottom reference point about the ear
reference point. The distance is measured along the line
which is passing through the lower reference point and is
perpendicular to the vertical center line of the handset.
• Longitudinal Translation. In this series of measurements
the handset is moved along the vertical handset center
line so that the ‘A’ point is either above (+15 mm) or
below (−7.5 mm) the ear reference point. The negative
value was chosen to be −7.5 mm rather than −15 mm
because handset E/F cannot rest on the phantom ear in a
reasonable way if the larger translation is used, and thus
this mounting is unrealistic.
• Transversal Translation. In this series of measurements
the handset is translated either toward the face of the
phantom (−15 mm) or toward the back (+15 mm)
while the handset center line is kept parallel to the line
connecting the mouth and ear reference points (the ‘MB’-
line).
The translation distances used in this work have been
chosen rather large deliberately in order to create a worst case
scenario. If the handset is carefully mounted on the phantom
the translations will be smaller in practice.
For all handsets in actual use both the radiation pattern and
the spherical power distribution are directive, and the MEG
will vary depending on the orientation of the handset with re-
spect to the environment. In order to investigate this, the mea-
sured radiation patterns have been rotated firstly with an angle
of λ about the y-axis, corresponding to the phantom either
bending forward or backward, and afterwards with an angle µ
about the z-axis, corresponding to the phantom turning around
in azimuth. All combinations of µ ∈ {0◦,15◦,30◦, . . . ,345◦}
and λ ∈ {0◦,15◦, . . . ,60◦,300◦,315◦, . . . ,345◦} have been used
and for each combination of λ and µ the MEG was computed.
Note that the described post processing rotation procedure
corresponds to a rotation of both the handset and the phantom.
Thus, this is not a rotation of the handset relative to the
phantom, but rather a rotation of the phantom with the handset
at a fixed angle relative to the phantom. Evaluation of the
MEG for different rotations of the handset relative to the
phantom requires measurement of the radiation pattern for
each rotation angle. This was not done in this work since it
would result in a large number of measurements. Furthermore,
only small differences are expected comparing the MEG
computed from data obtained via a rotation, using the post-
processing procedure described above, and the MEG obtained
using measurements of the radiation pattern obtained with the
handset fixed at the desired angle on the phantom.
In the investigations the MEG value as given by (1) is
approximated using the formula
Γ(λ ,µ)≃
N−1
∑
n=0
M−1
∑
m=0
[
Gθ (θn,φm;λ ,µ)Qθ (θn,φm)
+Gφ (θn,φm;λ ,µ)Qφ (θn,φm)
] sin(θn)
Penv
(2)
where
Penv =
N−1
∑
n=0
M−1
∑
m=0
[
Qθ (θn,φm)+Qφ (θn,φm)
]
sin(θn)
and Gψ (θn,φm;λ ,µ) is the ψ-polarization component of the
antenna power gain in the direction given by (θn,φm) and a
rotation of the antenna using the angle pair (λ ,µ). The number
of samples in the φ and θ angles are M = 24 and N = 13,
respectively. The sampling points of the sphere are given by
the angles θi = i∆θ and φi = i∆φ , where ∆θ = ∆φ = 15
◦.
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In the following the change in MEG due to the various
translations has been investigated using the normalized MEG
defined as
Γ′(λ ,µ) =
Γ(λ ,µ)
Γref(λ ,µ)
where Γ(λ ,µ) is the MEG for a specific radiation pattern mea-
surement and using the rotation angles (λ ,µ), and Γref(λ ,µ)
is the corresponding reference measurement for the same
handset. Thus, for each measurement a large number of values
are obtained, one for each orientation of the handset. For this
reason the mean and standard deviation have been used for the
analysis, except for the isotropic environment which yields the
same value irrespective of the handset orientation.
IV. ERROR IN TOTAL RADIATED POWER AND TOTAL
ISOTROPIC SENSITIVITY
Figure 4 shows the change in TRP and TIS for each handset
and frequency band, grouped in the different types of transla-
tions from the reference position. The different combinations
of handsets and translations are shown along the x-axis where,
e.g., ‘E-15’ means handset E translated −15 mm.
It is noticed in all the plots that TIS and TRP values are
correlated so that, e.g., an increase of the transmitted power
due to a translation is usually associated with a corresponding
increase in the received power. This suggests that the observed
changes in TRP/TIS are mainly determined by changes in the
losses in the phantom. On the other hand, changes in TIS/TRP
due to changes in the antenna impedance cannot be expected
to be the same for the UL and DL.
Another general observation is that there seems to be no
clear frequency dependence. The results indicate about the
same influence for the low and high frequency bands, perhaps
with slightly larger deviations for the high band.
Concerning the results for translation at the bottom end of
the handsets, Figure 4(a), a rather low variation is observed
for any of the combinations of offset, frequency, and TRP/TIS,
mostly within about ±0.25 dB. A noticeable exception is
handset F which has an error of about 0.6 dB in the TRP
in the high frequency band for both offsets.
Translation of the top end of the handsets, Figure 4(b), is
generally worse than translation of the bottom end with more
values outside a ±0.25 dB range and a maximum value of
about 1.4 dB. Since the antennas are located in the top of the
handsets the difference between the top end and bottom end
translation is expected.
Comparing Figure 4(c) and 4(b) it is noticed that the results
obtained with the transversal translation are quite similar to
those obtained with translation of the top end of the handsets.
This is to be expected since translation of the bottom end only
has a small influence on the results.
Comparing the results obtained with the different handsets,
handset F is generally one of the most sensitive towards the
correct placement on the phantom, since the largest error val-
ues are observed with this handset. The most likely explanation
is the external antenna on this handset which is located close
to the front of the phone and thus near the phantom head
when it is mounted. The other handset with a small external
antenna (handset A) is thicker than handset F and probably
less influenced for this reason. The handset dimensions are
given in Table I.
Initially the measurements were made with translations of
±15 mm for all handsets and kinds of translations, with the
exception of the longitudinal translations, as described above.
Given that handset F turned out to be very sensitive towards the
translations it was decided to supplement the measurements
for this handset with another set carried out with ±7.5 mm
translations. In the plots the results based on these extra
measurements have been labeled ‘handset F∗’.
The measurements with 7.5 mm translations usually results
in a lower difference than for 15 mm translations but in
many cases still higher than for the other handsets. One
remarkable exception is the result for the high band, TRP
for the transversal translation case. Here the results for the
+7.5 mm are actually about 0.25 dB higher that those for
+15 mm.
Having obtained this result it was decided to repeat some
of the measurements in order to confirm these results. The
results for +15 mm labeled ‘handset F#’ are repetitions and
thus can be compared to the the +15 mm for handset F. In
addition the +7.5 mm translation was repeated, also shown as
‘handset F#’. Comparing the results for the different offsets
it can be concluded that the TRP/TIS values can be repeated
within 0.25–0.5 dB even for the most sensitive handset. Thus,
the result mentioned above for the +7.5 mm transversal
translation is within the accuracy.
For longitudinal translations, Figure 4(d), the situation is
similar to the case of translating the top end. Again the
TRP/TIS for handset F is mostly influenced while for hand-
set B it is only changed slightly, which could be due to the size
of these handsets and the antenna types. However, despite the
thickness of handset A it seems also to be somewhat influenced
by the translations, at least for the high frequency band. Also
handset H is quite sensitive with changes up to about 0.9 dB,
but only for the low band. Due to the relatively large change
found for this handset some extra measurements were made,
this time with a +7.5 mm translation. In the plots these results
are labeled ‘handset H∗’, similarly to above. The results for the
translation in the negative direction are copies of the results
for handset H. It is noticed that the changes for handset H∗
in the low band are smaller than the corresponding changes
observed for handset H.
V. ERROR IN MEAN EFFECTIVE GAIN
Figure 5 shows an overview of the obtained MEG values for
the top end and transversal translation measurements, where
each vertical bar is given by the mean value (the middle point
of the bar) and the standard deviation shown as the distance
from the middle point to each bar end.
Comparing the results obtained with the three environment
models for the different translation types it was found that
the mean values of the AAU and HUT model values roughly
equals the hypothetical ISO model results. Hence, in some
c© 2005 Springer.
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(a) Translation of bottom end. (b) Translation of top end.
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Fig. 4. Change in TRP and TIS for the different types of translation.
cases much of the change in the MEG is due to a power
scaling and not as much a change in the distribution of power
versus direction. This is particularly true for the transversal
and longitudinal translations and to a smaller extend the top
and bottom end translations.
There is a clear difference between transversal/longitudinal
and top/bottom translations with respect to the standard de-
viation. For the AAU model the standard deviations for
the different types of translation are more or less similar,
whereas for the HUT model the standard deviation is generally
larger for the top/bottom than for the transversal/longitudinal
translations. A likely reason is that the large XPR value of the
HUT model makes it sensitive towards changes in the cross
polarization difference (XPD) of the antenna.1 Changes in the
1defined as the ratio of the power in the two polarizations.
shape of the antenna radiation pattern will also introduce more
changes in the MEG due to the highly selective nature of the
model as compared to the AAU model.
It has been found that in terms of XPR the measurements
obtained with top and bottom end translations deviate more
from the reference measurements than the measurements
with transversal and longitudinal translations. As an example,
Figure 6 shows the change in XPR for the bottom end
and transversal translations. For the transversal translations
the change in XPR is within a range of about ±0.5 dB,
which should be compared to the values for the bottom end
translations where the change is generally outside the ±0.5 dB
interval, with handset F and H as exceptions. The same is the
case for the top end translation measurements, but with the
opposite sign of the XPR change. This suggests that the XPR
change for these handsets are linked to the angle between the
c© 2005 Springer.
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(a) Translation of top end, AAU model. (b) Translation of top end, HUT model.
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(c) Transversal translation, AAU model. (d) Transversal translation, HUT model.
Fig. 5. Change in MEG for top end translation (a)–(b), and transversal translation (c)–(d).
vertical centerlines of the translated handset and the handset
in the reference position. This was expected since much of the
power is transmitted/received along the axis about which the
handset is rotated for the top and bottom end translations.
Table II shows statistics based on the combined data of
changes in MEG for all handset orientations, link directions,
frequencies, and translation distances. The data have been split
in two sets, one for the data obtained with handsets A, B, E, G
and H, and another set obtained with handset F, F# and F∗. The
data for handset F was treated separately since it was found
that this handset differs significantly from the other handsets,
as described above.
Note that unlike for the AAU and HUT model, the MEG for
the ISO model does not change due to rotation of the radiation
patterns and hence the observed variation is only due to the
different handsets, translation distances, and frequencies.
VI. CONCLUSIONS
This work investigates the change in the TIS, TRP, and
MEG when the spherical radiation pattern of a handset is
measured while it is mounted incorrectly on the phantom. Four
different types of translations of the handset from the reference
position were used, namely translation of the bottom/top
end of the handset, longitudinal translation, and transversal
translation. Six different handsets were measured on both
GSM-900 and GSM-1800 at channel 62 and 698, respectively.
The results of this work were obtained with deliberately rather
large translations of the handsets on the phantom. With careful
mounting of the handsets smaller deviations from the correct
position can be obtained and smaller changes in the results are
expected.
Generally it was found that TIS and TRP values are cor-
related so that, e.g., an increase of the transmitted power due
c© 2005 Springer.
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TABLE II
STATISTICS ON DEVIATION IN MEG. ALL VALUES ARE IN DB.
AAU Model HUT Model ISO Model
Mean Std MaxAbs Mean Std MaxAbs Mean Std MaxAbs
A
,
B
,
E
,
G
,
H
,
H
∗ Bottom 0.1 0.3 0.9 0.0 0.5 1.5 0.1 0.2 0.6
Top 0.1 0.3 1.0 0.1 0.5 1.6 0.1 0.3 0.6
Long 0.0 0.4 1.2 0.0 0.4 1.4 0.0 0.3 1.0
Trans 0.1 0.3 1.1 0.1 0.3 1.1 0.1 0.3 0.7
F
,
F
∗
,
F
# Bottom 0.2 0.1 1.0 0.2 0.2 1.4 0.2 0.1 0.6
Top 0.2 0.3 1.8 0.2 0.3 2.0 0.2 0.3 1.4
Long 0.4 0.4 1.8 0.4 0.4 1.8 0.4 0.3 1.4
Trans 0.3 0.3 1.5 0.3 0.3 1.5 0.3 0.3 1.3
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(a) Translation of bottom end. Transversal translation.
Fig. 6. Change in XPR.
to a translation is usually associated with an increase in the
received power. Furthermore, the results show similar influ-
ence on the results obtained for the low and high frequency
bands. The deviations found for the TIS and TRP values are
generally within ±0.5 dB with a maximum deviation of about
1.4 dB.
From statistics of the computed MEG values based on data
from all handsets, link directions, orientation, and offsets, it
is found that the mean MEG deviations due to translations
are generally low, about 0–0.2 dB. Furthermore, standard
deviations of 0.1–0.5 dB and maximum deviations up to 1.6 dB
were found for most handsets, with one exception having a
maximum up to 2 dB.
The changes due to the incorrect position of the handsets
on the phantom should be compared to the uncertainty due
to the measurement system and the methods used. Using
repeated measurements, the MEG results were found typically
to be repeatable within 0.1–0.3 dB in [16]. In addition, the
changes in the MEG introduced by positioning errors should
be compared to the variation in the MEG of 6–8 dB that may
be observed for a handset depending on its general orientation
in the environment. For the TRP/TIS a difference of 3–4 dB
was found between different types of handsets [19].
REFERENCES
[1] Luis M. Correia, editor. Wireless Flexible Personalised Communications.
COST 259: European Co-operation in Mobile Radio Research. Wiley,
2001.
[2] Masahiro Murase, Yoshikazu Tanaka, and Hiroyuki Arai. Propagation
and antenna measurements using antenna switching and random field
measurements. IEEE Transactions on Vehicular Technology, 43(3):537–
541, August 1994.
[3] Gert F. Pedersen, Jesper Ø. Nielsen, Kim Olesen, and Istvan Z. Kovacs.
Measured variation in performance of handheld antennas for a large
number of test persons. In 48th Vehicular Technology Conference, VTC
‘98, pages 505–509. IEEE, May 1998.
[4] Co-operation in the field of scientific and technical research (COST).
http://www.lx.it.pt/cost273/.
[5] Cellular Telecommunications & Internet Association (CTIA). CTIA test
plan for mobile station over the air performance, revision 2.0. Technical
report, CTIA, March 2003. http://www.ctia.org.
[6] Jørgen Bach Andersen and Flemming Hansen. Antennas for VHF/UHF
personal radio: A theoretical and experimental study of characteris-
tics and performance. IEEE Transactions on Vehicular Technology,
26(4):349–357, November 1977.
[7] Tokio Taga. Analysis for mean effective gain of mobile antennas in land
mobile radio environments. IEEE Transactions on Vehicular Technology,
39(2):117–131, May 1990.
c© 2005 Springer.
Published in Wireless Personal Communications, Vol. 32, No. 1, January 2005, pp. 9-22.. DOI: 10.1007/s11277-005-8315-z
J. Ø. Nielsen & G. F. Pedersen: Influence of Spherical Radiation Pattern Measurement Uncertainty on . . . Page 9 of 9
[8] Gert Frølund Pedersen, Kim Olesen, and Steen Leth Larsen. Bodyloss
for handheld phones. In 49th Vehicular Technology Conference, VTC‘99.
IEEE, May 1999.
[9] William C. Jakes, editor. Microwave Mobile Communications. IEEE
Press, 1974.
[10] K. Kalliola, K. Sulonen, H. Laitinen, O. Kivekäs, J. Krogerus, and
P. Vainikainen. Angular power distribution and mean effective gain
of mobile antenna in different propagation environments. IEEE Trans-
actions on Vehicular Technology, 51(5):823–838, September 2002.
[11] Mikael B. Knudsen and Gert F. Pedersen. Spherical outdoor to indoor
power spectrum model at the mobile terminal. IEEE Journal on Selected
Areas in Communications, 20(6):1156–1169, August 2002.
[12] European Telecommunications Standards Institute (ETSI). ETSI EN 300
607-1 (global system for mobile communications (GSM) specifications
GSM 11.10-1.
[13] Wim A. Th. Kotterman, G. F. Pedersen, and P. Eggers. Cable-less
measurement set-up for wireless handheld terminals. In Personal, Indoor
and Mobile Radio Communications conference, PIMRC 2001, pages
B112–B116, September 2001.
[14] Clemens Icheln, Joonas Krogerus, and Pertti Vainikainen. Use of balun
chokes in small-antenna radiation measurements. IEEE Transactions on
Instrumentation and Measurement, 53(2):498–506, 2004.
[15] European Telecommunications Standards Institute (ETSI). Global sys-
tem for mobile communications (GSM) specifications GSM 05.08.
[16] Jesper Ødum Nielsen and Gert Frølund Pedersen. Mobile handset
performance evaluation using radiation pattern measurements. Submitted
for publication in IEEE Transactions on Antennas and Propagation,
2004.
[17] Jesper Ødum Nielsen and Gert Frølund Pedersen. Comparison of total
received power and mean effective gain for mobile handsets. Technical
report, Center for PersonKommunikation, Aalborg University, January
2002. COST 273 TD(02)021.
[18] http://www.sam-phantom.com/.
[19] J. Ø. Nielsen and G. F. Pedersen. Mobile handset performance evaluation
using spherical measurements. In 56th Vehicular Technology Conference
Proceedings, VTC 2002 Fall, volume 1, pages 289–293, September
2002.
c© 2005 Springer.
Published in Wireless Personal Communications, Vol. 32, No. 1, January 2005, pp. 9-22.. DOI: 10.1007/s11277-005-8315-z
